Abstract. Psychological and physiological markers have been used to maximize competitive sport preparation. The aim of the present study was to evaluate the effects of two months of training and competitions on mood states and salivary cortisol diurnal variation in 15 female elite water polo players. The results demonstrated that the β coefficient values of the regression slope of cortisol values on sampling time was significantly flatter following the training period. The values of the area under the cortisol curve (AUC) 'with respect to ground' (AUCg) and those of the β coefficients of the slope of the diurnal change in cortisol levels were highly negatively correlated. The slope correlated positively with the dysfunctional Profile of Mood States scale and negatively with the functional scale. AUCg correlated negatively with dysfunctional factors and positively with the vigor index. These findings support the hypothesis that subclinical hypocortisolism and a flattened diurnal rhythm of cortisol may play a role in determining dysfunctional mood states.
Introduction
Psychological and biological markers have been used to maximize competitive preparation (1) (2) (3) . On the psychological side, tests able to measure specific psychological features and mood states have been used, while on the biological side, salivary cortisol analysis has been considered an efficient tool for monitoring the effects of training. Sport psychology researchers have relied almost exclusively upon the Profile of Mood States (POMS) scale (4) as the measure of mood when examining links with athletic performance. Morgan (5, 6) pioneered the use of the POMS in sport, and demonstrated that greater than average vigor scores and lower than average scores for anger, tension, fatigue, depression and confusion characterized the mood profiles of athletes, particularly at the elite level, when compared with population norms. When an athlete undergoes intense physical training, the POMS usually reveals reduced vigor and increased tension, depression, anger, fatigue and confusion (7) . Cortisol serves a wide range of physiological, behavioral and cognitive functions. Mineralocorticoid and glucocorticoid receptor distribution has been described in the primate amygdala, hippocampus, medial prefrontal and orbitofrontal cortical areas (8, 9) , which are involved in perception, memory and the experience of emotional events. Evidence is accumulating that demonstrates that glucocorticoid dysfunction may contribute to mood disorders via extrahypothalamic region activation. Cortisol appears to exhibit cognitive and behavioral effects acting in a curvilinear, or 'inverted U-shaped,' manner in numerous physiological and cognitive systems, where moderate levels are optimal and where concentrations at extreme levels, either low or high, are represented by a distinct adverse cognitive or behavioral outcome (10) . The cortisol concentration in the blood changes during the day, with the highest values in the early morning and a progressive decrease reaching the lowest values in the late evening. Free cortisol measured in the saliva has the same diurnal rhythm as plasma cortisol (11) . Thus, the measurement of cortisol in the saliva is a reliable tool for investigating the activity of the hypothalamus-pituitary-adrenal (HPA) axis (12) (13) (14) . Healthy cortisol rhythms are characterized by high morning and low evening levels, while dysregulated cortisol rhythms demonstrate flattened or aberrant daytime profiles. While there has been no precise delineation of the consequences of flattened cortisol rhythms in female athletes, normal females with flatter rhythms have been shown to deliver a poorer performance with regard to explicit memory tasks, and have lower perceived social support and an inclination to higher perceived stress (15) . Acute intense exercise activates the HPA axis, and it has been reported that the adaptations to the HPA axis induced by endurance training cause an increase in basal plasma cortisol (16) . However, intense physical training, by acting as a chronic repeated stress that dysregulates the stress response system, may lead also to reduced HPA axis reactivity (17) . Limited information is available concerning the diurnal variations of salivary cortisol concentrations in Changes in mood states and salivary cortisol levels following two months of training in elite female water polo players athletes. A blunted diurnal rhythmicity of cortisol has been reported in males and females (18, 19) . However, the reason for the reduced basal HPA activity in trained athletes remains unclear. Few studies have investigated the possible association between salivary cortisol levels and mood state during physical training. O'Connor et al (20) used the POMS questionnaire and resting salivary cortisol levels to assess the effect of progressive increases and decreases in training volume in female swimmers. Compared with the controls, the athletes reported alterations in depression, tension, anger, fatigue, vigor and global mood throughout the training season. At baseline and following increased training, the levels of salivary cortisol were significantly greater in the swimmers compared with the controls; this was significantly correlated with a depressed mood following increased training, however, not at baseline. Verde et al (21) observed the effects of overstress on POMS scores and cortisol levels by assessing highly trained distance runners who deliberately increased their training by 38% over a 3 week period. The study revealed that the POMS was the best single marker of disturbed function, indicating increased fatigue, while changes in cortisol were not statistically significant. Filaire et al (22) reported that in adolescent female tennis players, a lower overall cortisol output occurred following 16 weeks of training concomitantly with an increase in general stress and fatigue. It was hypothesized that chronic stress induced by training may lead to a dysregulated adaptation to exercise consisting of a subclinical form of hypocortisolism.
The main purpose of the present study was to monitor mood states and salivary cortisol diurnal rhythm in the first two months of training and competitions of the agonistic season in a group of female elite water polo players. The hypothesis was the existence of a difference in mood states and salivary cortisol levels between the first survey (two weeks prior to the beginning of the championship) and the second survey (within the first two months of the championship season). In particular, the present study predicted changes in diurnal rhythm and total output of cortisol concomitantly with an increase in dysfunctional mood states (tension-anxiety, depression-dejection, anger-hostility, fatigue-inertia and confusion-bewilderment) and a decrease in functional states (vigor-activity), in the 2 nd survey following the beginning of the championship. Furthermore, changes in mood states were hypothesized to be less pronounced in experienced players. In fact, in line with previous studies (23) (24) (25) , experienced players were expected to cope better with stressful events.
Materials and methods
Participants. In total, 15 female water polo players, between the ages of 16-39 years old [mean ± standard deviation (SD), 22.93±7.33] participated in the present study. The subjects were members of the 'Orizzonte Catania' team (winner of the national title for 10 consecutive years), who competed during the A1 Italian championship. Participants were considered healthy, injury-free and reported relatively consistent menstrual cycling of 27-32 days in duration. Their training schedule consisted of 14.5 h per week distributed in nine sessions, plus a competition game on the Saturday of each weekend (starting from October 16th). Four training sessions per week were devoted to technical and tactical drills, three sessions were devoted to swimming (mean amount, ~8,000 meters per week) and two sessions were performed in the gym for resistance exercises. The training work load remained almost unaltered during the period in which the water polo players were studied (October-December). The experienced players were considered to be the athletes with >3 years of experience in the A1 Italian championship. The group of experienced players consisted of nine players between the ages of 21 and 39 years old.
Mood measurement. Mood was measured using the POMS scale. The original version was developed in 1971 and consisted of 65 items. The present study used an abbreviated 30-item version of the POMS (4). The respondents must complete the POMS questionnaire by rating each item on a 5-point Likert scale with anchors ranging between 'Not at all' to 'Extremely'. Internal consistency is extremely high (r=0.90). The items are combined to form six separate subscales: Tension-anxiety, depression-dejection, anger-hostility, vigor-activity, fatigueinertia and confusion-bewilderment. The subscale scores may be combined to form an overall measure of affect that is labeled as total mood disturbance (TMD). The separate subscales are useful when researchers are interested in examining changes in specific moods. TMD is useful in studies containing a small number of participants or when researchers are interested in a single, global estimate of affective states. There are four response sets that can be employed with the POMS, and the 'today' set (i.e., 'How are you feeling today?') was used in the present study. The POMS questionnaire usually takes between 5-7 min to complete.
Salivary cortisol assay. Salivary cortisol measures were assessed using a radioimmunoassay cortisol test (Radim SpA, Pomezia, Rome, Italy). The method was founded on the competition between unlabeled cortisol and a fixed quantity of 125 I-labeled cortisol for a limited number of binding sites on cortisol specific antibody. In this way, the amount of tracer bound by the antibody was inversely proportional to the concentration of unlabeled ligand. At the end of the incubation period, the liquid in the tubes was removed by aspiration and the radioactivity was measured using a γ counter. The saliva was collected in sterile containers (~4 ml) over a timed collection period of 2 min and stored at -70˚C until use. Following thawing, the salivary sample was centrifuged for 5-10 min at 3,000 x g. The clear colorless supernatant (100 µl) was pipetted and dispensed in coated tubes to measure the salivary cortisol level.
Study protocol. To address the study hypotheses, the tests (salivary cortisol and POMS) were administered in two sessions at a time interval of two months (October 1-4, 2010, December 1-4, 2010). The first session was performed two weeks prior to the beginning of the A1 Italian championship, while the second session was executed a month and a half after the beginning of the championship (six games played). The saliva samples were collected three times per day (30 min after awakening and at 14:00 and 20:00 h; prior to breakfast, lunch and dinner, respectively) for three consecutive days. Each sample was executed by administering a tampon, which the athletes chewed for ~1 min. Every participant received 3 sterile containers that were previously marked with the identification code of the athlete, the date and the set time. The samples were frozen at -70˚C until use. Free cortisol in the saliva samples was determined using a radioimmunoassay, as aforementioned. Prior to assessment, the participants were instructed regarding the purpose of the study and were asked to follow the instructions for the collection of the saliva samples, including avoiding caffeine and acidic drinks and not brushing their teeth or eating or drinking anything 15 min prior to a sample collection. On day 4, following the initiation of the study, each athlete was asked to fill in the POMS questionnaire.
Statistical analysis. Data are presented as the mean ± SD. The slope of the diurnal change in cortisol level was calculated to estimate how each player fit the normal (i. (26) . The average area under the curve (AUC) was also calculated by trapezoidal estimation using cortisol values. Using the formulae outlined by Pruessner et al (27) , the AUC 'with respect to ground' (AUCg) was calculated, which, in accordance with the interpretation provided by the authors, provides information regarding the total hormonal output and thus the basal activity of the HPA axis of the players. Statistical analysis was performed with an SPSS package (version 16.0; SPSS, Inc., Chicago, IL, USA) and all the statistical requirements for the used tests were fulfilled. The data collected prior to and following the training period were evaluated with the t-test for paired data and the Pearson's correlation test. P<0.05 was considered to indicate a statistically significant difference for all comparisons.
Ethics. The procedures were conducted in accordance with the Declaration of Helsinki and were performed with ethics approval by the University of Catania (Catania, Italy). Each participant was provided with a full explanation of the protocols, and written informed consent was obtained prior to commencement of the study.
Results
When considering the data from all players, the scores of the six separate subscales of POMS did not change following the assessed period (Fig. 1) . However, when considering only the subgroup of experienced players, the score of tension-anxiety, anger-hostility and fatigue-inertia increased significantly (Fig. 2) . Fig. 3 demonstrates the diurnal rhythm of grand mean salivary free cortisol observed at each sampling time prior to and following the training period. No changes were observed in the AUCg values (mean ± SD) following the assessed period in the whole group of players (before, 15.1±5.1; and after, 15.9±4.8; P=0.41) and in the subgroup of experienced players (before, 15.9±5.3; and after, 15.4±5.4; P=0.64). By contrast, the slope of the diurnal change in cortisol levels (mean β coefficient values ± SD) decreased significantly in the whole group of players (before, -0.253±0.078 vs. -0.217±0.052; P<0.05), indicating that the decrease in cortisol was less rapid in the second survey. The slope was flatter also when considering the subgroup of experienced players (before, -0.265±0.086 vs. -0.208±0.059; P<0.01). In the whole group of players, the values of AUCg and those of the β coefficients of the slope of the diurnal change in cortisol levels were highly negatively correlated between them (r=-0.92; P<0.001), i.e., a higher cortisol output and steeper slope of the diurnal rhythm. Table I demonstrates the correlation coefficients of the linear regression among the scores of the six separate subscales of POMS and the values of AUCg and β coefficient values of the slope in the whole group. Significant negative correlations were identified among scores of dysfunctional scales of POMS (with the exception of anger-hostility) and AUCg, while vigor-activity was positively correlated with this. By contrast, positive correlations were identified among scores of dysfunctional scales of POMS and β coefficient values of the slope, while vigoractivity was negatively correlated with the same parameter. The changes in the score of the tension-anxiety subscale were negatively (r=-0.67; P<0.01) correlated with changes in AUCg (Fig. 4) and positively (r=0.57; P<0.05) correlated with the changes in the β coefficient values of the slope of the diurnal variation in cortisol levels (Fig. 5) following the assessed period in the whole group. A rise in cortisol total output corresponds to a decrease in the tension-anxiety score, while a flatter slope corresponds to an increase in the same score. Similar correlations were also identified among the changes in the score of the fatigue-inertia subscale and changes in AUCg and β coefficient values (r=-0.55 and r=0.52, respectively; P<0.05 for both).
Discussion
The main purpose of the present study was to monitor mood states and salivary cortisol in the first two months of training and competitions in a group of female elite water polo players. First of all, considering the slope of the diurnal rhythm in cortisol level, a significant decrease was revealed following the considered period in all players. Analyzing the correlations between the scores of the six separate subscales of POMS and the values of AUCg and β coefficient values of the slope in the whole group, significant negative correlations were identified among scores of dysfunctional scales of POMS (with the exception of anger-hostility) and AUCg, while vigor-activity was positively correlated with this. By contrast, positive correlations were identified among the scores of dysfunctional scales of POMS and the β coefficient values of the slope, while vigor-activity was negatively correlated with the same parameter. These results support our hypothesis that POMS scales are good individual indicators of diurnal change in cortisol levels expressed by the AUCg and the slope. In the present study, the total cortisol output, as expressed by AUCg values, did not change following two months of training. This finding differs from that revealed by Filaire et al (22) , which observed a lower overall AUCg in adolescent female tennis players following 16 weeks of training. This discrepancy may be explained by the lower duration of the training period in the present study. However, following two months of training, the observed decrease in the slope of the diurnal rhythm of cortisol indicates a loss of resiliency of the HPA axis. Similarly, Georgopoulos et al (18) demonstrated an abolished diurnal rhythm of salivary cortisol in elite male and female artistic gymnasts, while a blunted diurnal rhythmicity of cortisol in young male dancers was also reported by Strahler et al (19) . The decrease of resiliency of the HPA axis is considered to be associated with protracted exposure to stress, perhaps due to hippocampal impairment of feedback inhibition (28) . The loss of feedback function may be mediated by decreased glucocorticoid receptor function (26, 29) which has been recently demonstrated in highly trained swimmers (30). Table I . Correlation coefficients of the linear regressions among the individual scores of the six subscales of POMS and the values of AUCg and β coefficient of the slope prior to and following two months of training.
AUCg
Slope In the present study, the players demonstrating the greatest decrease in the slope of diurnal rhythm of cortisol also had the greatest reduction in total cortisol output. Thus, at least in certain players, a dysregulated adaptation to training, evolving in a subclinical form of hypocortisolism, occurred. In fact, hypocortisolism does not appear to be an exclusive correlate of stress-related pathology, but has also been reported in healthy subjects subjected to living with ongoing stress. A previous study in in humans indicated reduced adrenocortical activity or reactivity in states of chronic stress (31) . Such modifications may be due to various mechanisms, including increased negative feedback inhibition of the HPA axis, decreased responsiveness of cortisol secretion and/or reduced biosynthesis or depletion at several levels of the HPA axis. Besides these basic mechanisms, superimposed factors, including the nature of the stressor, coping styles and dispositions, may determine the manifestation of hypocortisolism (31) . It should be highlighted that moderately elevated cortisol is considered to be advantageous for increased arousal and energy expenditure in the organization of behavior. Cortisol is also important for efficient cognitive appraisal of events and is known to aid in the neural processing that occurs in the brain regions that are responsible for processing information with regard to emotional events (10) . The present study demonstrated that hypocortisolism, which is characterized by a flat diurnal cortisol slope, was associated with higher values in POMS dysfunctional scales, thus supporting the importance of cortisol in sustaining and facilitating cognitive functions. However, no difference was identified in the scores of the six separate subscales of POMS when considering all players together. When considering only the experienced players, the score of tension-anxiety, anger-hostility and fatigue-inertia increased significantly following two months of training. These findings are not in line with previous studies that indicated that experts cope better with stressful events (23) (24) (25) . However, the present results may be explained by the fact that the team had won the national title for 10 consecutive years. In consequence of this, the experienced athletes may have felt more responsible for the final result of the team and therefore they may be more exposed to higher stress levels leading to a possible dysregulation of the HPA axis. Furthermore, it must be noted that, 10 days prior to the second survey, the team lost one game. In this respect, it has been reported that expert athletes compared with novices, through years of practice and coping with pressure experiences, develop coping strategies that enable them to remain in their preferable emotional-attentional state. Once this equilibrium state is interrupted, a detrimental effect on the emotional states of athletes may occur (3). However, following the second survey, the team won seven games consecutively, indicating that the dysregulated state of the HPA axis concomitant with high values in POMS dysfunctional scales, as observed in certain players, were possibly of a transitional nature and, however, not able to adversely affect the performance.
There are a number of limitations to the present study. Firstly, it is difficult to generalize the present findings from elite female players to athletes of other genders, sports or fitness levels. Although the literature findings are not uniformly consistent, evidence from several studies indicates that there is a gender difference with respect to HPA axis function in humans. Decreased basal cortisol concentrations and enhanced suppression of cortisol by dexamethasone have been measured in females in the follicular phase of the menstrual cycle relative to females in the luteal phase or compared with males (31) . Observed gender differences in HPA axis stress responses may be due to sexual dimorphism in brain function and circulating sex steroids (32) . Secondly, a small sample was studied; however, it must be noted that it is difficult to recruit a homogeneous sample of high-level athletes. Thirdly, when investigating elite sport activities, training effects may occur from day to day. Despite these limitations, the results of the present study offer support for the hypothesis that hypocortisolism and a flattened diurnal rhythm plays a significant role in determining dysfunctional mood states. In this respect, the POMS is confirmed to be a potent, reliable and valid measure of mood in physical activity settings. One primary advantage of the POMS is that it appears to be useful in detecting mood fluctuations associated with exercise. Another advantage of the POMS is that the six subscales appear to be measuring mood subcomponents, which are differentially responsive to diverse characteristics of exercise settings (33) . However, when approaching psychological evaluation in elite athletes, it must be considered that personality factors and cognitive appraisal processes are not only important in determining what is stressful, but also in modulating the extent and habituation of the HPA axis response to stress (34) . Thus, further investigation is required to determine specific personality constructs that may distinguish which individuals are more susceptible to psychological stress and mood disturbances (35) .
